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INTRODUCTION AND SUMMARY 


Records show that systematic water flooding was begun as early as 1935 in 
Greenwood County and in 1937 in Butler County. Water flooding on some earlier 
projects in Greenwood County were described in a Bureau of Mines Report of 
Investigation .2/ This report presents a discussion of 4 projects = 2 in Butler 
County, 1 in Greenwood County, and 1 in Butler and Greenwood Counties. The loca- 
tion of these projects is shown in figure 1. The projects have been in operation 
6 to 12 years and have recovered about 6.6 million barrels of additional oil from 
the injection of 84.7 million barrels of water. 


Three of the projects take advantage of the elevation of the nearby hilly 
terrain, and water from the treating ponds flows by gravity through the filters 
into the clear-water tanks. By utilizing gravity flow, fewer pumps and less 
electrical energy is required, resulting in more economical operation. 


On one project water treating is accomplished principally in three wooden 
tanks. In the process the untreated water is mixed with chemicals as it enters 
the first tank, where some settling occurs. The other two tanks permit further 
settling, and the treated water flows from the third tank through the filter into 
the clear-water pond. 


Discussion of the individual projects includes information on the early 
history, the source and treatment of water used for flooding, production-decline 
curves, typical electric logs and core analyses, water analyses, sketches of 
the water-conditioning systems, and results of water flooding. 
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DISCUSSION OF INDIVIDUAL PROJECTS 


Morrison Producing Co. Fox-Bush Project 


The Morrison Producing Co. properties in the Fox-Bush field in Butler County, 
Kans. (fig. 2) cover 1,980 acres of which 990 were included in the water-flooding 


2/ Grandone, Peter, History of Water Flooding of Oil Sands in Kansas: Bureau of 


Mines Rept. of Investigations 3761, 1944, 146 pp. 
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Figure 1. - Map showing locations of four water-flooding projects in Butler and Greenwood 
Counties, Kans., Jan. 1, 1956. 
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Figure 2. - Morrison Producing Co. Fox-Bush project, 
Butler County, Jan. 1, 1956. 
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project at the end of 1955. The royalty interests have been unitized. Water- 
flooding operations were begun in 1943 in sec. 24, T. 29 S., R. 5 E., in Butler 
County, Kans. The project has been developed and expanded sporadically during the 
ensuing years. The Bartlesville sand is flooded at an average depth of 2,800 feet 
and has an average thickness of 36 feet. The sand is of the shoestring type common 
to many sands in the pools in Butler and Greenwood Counties, Kans., as described by 
Bass.=/ Analyses of cores indicate that the formation had, before water flooding, 
the following average characteristics: Porosity, 16 percent; permeability, 130 
millidarcys; oil saturation, 25 percent; and water saturation 44 percent. A rep- 
resentative electric log and a core analysis are shown in figure 3. Analyses of 
cores from wells shown in cross section A-A' (fig. 4) indicate that the middle 

part of the shoestring sand is highly permeable and that the lower part often is 
water saturated. The delayed drilling of the oil wells and the fracturing of edge 
producing wells are techniques that have been used successfully on this project 

and are now followed as regular operating practices. 


History Before Flooding 


The discovery well in the Fox-Bush field was drilled in 1917 in sec. 17, 
T. 29 S., R. 5 Ej Oil was produced by primary methods for about 6 years, after 
which vacuum was introduced into the field. Severally centrally located plants 
were constructed for processing gas from the wells. The natural gasoline was 
removed from the gas produced under vacuum, and the residue dry gas was used in 
the field as fuel. Originally the derricks were left over the wells, which were 
pumped off the beam by individual 20- to 25-hp. gas engines. By the late 1930's, 
however, most of the wells were operated from central bandwheel powers. When 
water injection was begun in 1943 most of the oil wells in the field had been 
abandoned. The pilot flood used some of the original 20=- to 25-hp. gas engines 
to pump individual wells, but most of these engines have since been replaced with 
electric motors. On all of the more recent developments, individual electric pump- 
ing units are used exclusively. Data on the annual rates of oil production before 
flooding, are not available, but 5,149,456 barrels of oil was recovered before 
water injection by primary production methods and by use of vacuum. This is a re- 
covery of about 3,700 barrels per acre from the 1,395 developed acres. 


Method of Completing and Operating Wells 


The water-input wells are drilled with rotary equipment into the top of the 
oil sand. To determine precisely the top of the “pay sand" the wells are cored 
through an overlying shale and into the top of the oil sand. Four and one-half 
or 5 1/2-inch casing usually is set about 1 foot into the pay sand and cemented 
with 100 sacks of cement, using a Baker triplex or a Larkin Cementrol shoe. After 
the cement has hardened, the cement plug and the oil sand are drilled with cable 
tools, The sand face is washed with water; but, if the return water is not clear 
after thorough washing, 50 to 100 gallons of mid acid is used. The well then is 
connected to the waterline, and the rate at which water can be injected is deter- 
mined, If the well does not take water at a reasonable rate or if the rate of in- 
jection slows appreciably after injection of about 300,000 barrels of water, the 
well is hydraulically fractured, using water and 1,500 to 2,000 pounds of sand. 
Water usually is injected into most wells at a rate of 500 to 600 barrels per well 
per day. 


3/ Bass, N. W., Origin of Shoestring Sands in Greenwood and Butler Counties, 
Kans.: Kansas Geol. Survey Bull. 23, 1936, 135 pp. 
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Figure 3. - A representative electric log and core analysis, Morrison Producing Co. Fox-Bush project, 


Fox-Bush field, Butler County, Kans. 
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Figure 4. - Permeability of Bartlesville sand in wells in Section A-A’, Morrison Producing Co. Fox-Bush projects. 
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The producing wells are drilled and completed in the same manner as the input 
wells. If a well does not produce at a satisfactory rate it is hydraulically frac- 
tured, using an average of 2,000 pounds of sand and 1,500 gallons of lease oil. 

Oil wells drilled along the edge of the field where the formation is thin or in- 
terbedded with shale are hydraulically fractured when completed. Since this method 
of completion was adopted, more oil has been recovered per well, although the 
water-oil ratio has been increased. None of the wells are drilled entirely through 
the sand. Only a few old wells have been reworked and used in the flood pattern. 
The inactive input wells on the Fox leases (see fig. 2) will be used later to flood 
the eastern part of the lease. 


Source and Treatment of Water 


During the first 4 years of water injection an aquifer at a depth of 300 feet 
was the only source of brine. In 1947 a well was completed in the Arbuckle lime- 
stone formation to supplement this supply. The Arbuckle brine was satisfactory 
but unnecessary after abandonment of some input wells on the Bush lease and adop- 
tion of new completion and development practices on other leases reduced the sup- 
ply-water requirements. Pumping of water from the shallow wells is more econom- 
ical. The Arbuckle well now is maintained on a standby basis. In 1953, a second 
plant was constructed, and 4 additional supply wells were completed in the shallow 
water sand with 7-inch casing set and cemented to the surface. The water-bearing 
formation, which is about 10 feet thick (known locally as the Wreford sandy lime), 
was acidized with 1,000 to 1,200 gallons of hydrochloric acid. A 3-hp. Reda sub= 
mersible pump in each well forces the water to the surface and thence to a settling 
pond, These wells are spaced at wide intervals along the shoestring, each with a 
daily capacity of 800 to 900 barrels of water. They are used also to supply water 
for the drilling rigs. Brine produced with oil also is used for flooding. Two 
water-treating plants serve the project, one on the Haggart lease in sec. 1, T. 28 
S.,; R. 5 E., and the other on the A. E. Fox lease in sec. 13, T. 28 S., R. SE. 
The two plants are similar, but the Haggert plant (the newer and more modern) will 
be described in detail. 


Figure 5 is a sketch of the Haggert plant. The water from the tank battery is 
collected in a 100-barrel wooden tank, where any oil that might have been carried 
through from the gunbarrel4/ is skimmed off. From the skimming tank the water 
flows over an aerating platform and falls into the settling pond to be mixed with 
the water from the supply wells. The earthen settling pond, which is lined with 
an asphaltic material (Gulf-Seal) to prevent seepage, is 150 by 85 feet and is 
divided into 2 parts by an earthen baffle through which the water flows in two 10- 
inch conduits. Water in the settling pond enters a 4-inch floating suction line, 
and a Mission 3- by 4-inch centrifugal pump powered by a 7 1/2=hp. electric motor 
forces it into the first of a series of 3 wooden, 500-barrel, treating tanks. 


The water enters the treating tank at the top of a flume that extends almost 
to the bottom of the tank. A chemical mixture supplied by the Treatrite Chemical 
Co. is added and mixed with the water. The treated water flows over and then 
under other baffles in the tank before flowing to the second tank. The second 
tank is provided with a single baffle under which the water passes before rising 
to overflow into the third tank. The third tank is not equipped with baffles. 
From it the water flows to four open-type rapid-sand filters. Sludge is removed 
through a line to the settling pond. 


4/ The term, “gunbarrel" as used in this report refers to the tanks used for 
separating the oil and water. 
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Figure 5. - Water-treating plant of Morrison Producing Co. Haggert lease, Fox-Bush project, Butler County, Kans. 
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The filters are wooden tanks filled with graded gravel and filter sand. 
Troughs in the form of a cross at the top of each filter provide for even dis- 
tribution of the incoming water and for collection of the backwash water. A per- 
forated collector ring provides for even flow of water from the bottom of each 
filter to the clear-water pond (an earthen pit approximately 30 by 30 feet by 6 
feet deep). It is lined with Gulf-Seal to prevent seepage and covered to prevent 
contamination from dust and debris. Each filter is equipped with a float that 
regulates the flow of water to the unit and an overflow line to carry the backwash 
water to the settling pond. Two Mission centrifugal pumps connected in series or 
“staged" force the water from the clear-water pond into the distribution lines at 
a pressure of 60 p.s.i.; however, the piping is arranged to permit 1 pump to be 
used for backwashing the filters. 


To provide for greater flexibility of operation, the Haggert and Fox tank 
batteries are interconnected, and the two plants discharge treated water into a 
main distribution line. 


An arrangement of floats and electrodes in the ponds and tanks provides for 
automatic operation of the treating and pumping system. 


Analyses of samples of the untreated and treated brines are shown in table l. 
Results of Flooding 


Sporadic development and the delayed drilling of the producing wells have 
caused irregularities in annual rates of oil production, which ranged from a peak 
of about 113,000 barrels of oil in 1946 and a low of 46,000 in 1953. 


During the first years of flooding the injected water channeled through the 
bottom of the sand or through the gas sand on top as well as through a very per- 
meable section in the middle of the sand. This resulted in a large water-injected 
to oil-produced ratio that reached a peak in 1951 when the annual ratio was 61:1 
and the cumulative ratio increased to 36:1. Selective plugging of the bypassing 
zones with cement and plastic was unsuccessful. A modification of well-completion 
practices, by cementing off the top gas sand and highly permeable section in the 
bottom of the sand, has aided in decreasing the bypassing of the water. Also a 
change in the flood pattern to take advantage of the more permeable zones, by 
locating the input wells in the middle of the shoestring, has resulted in a better 
flooding efficiency. During 1954 and 1955, when these modifications were first 
tried, the annual water-injected to oil-produced ratio declined to 5:1 in 1954 and 
9:1 in 1955 and caused a decrease in the cumulative ratio to 29:1 at the end 
of 1954 and 26:1 at the end of 1955. The flooding from the center of the shoe- 
string toward the outside edges appears to be most effective on this project. 


The results of water flooding on the Fox-Bush project are shown in figure 6. 
Over 1,075,000 barrels has been recovered to date from the 990 acres included in 
the project. Although many older leases in the southern part of the project have 
passed their peak rate of production and some have been abandoned (approximately 
800 acres had been abandoned by 1953), the project reached a new peak rate of 
production in 1955 that was more than 50 percent above the earlier year. Even 
greater production is anticipated for 1956. 


The following summary of operations includes many data on the project. It 
will be noted that the recovery by water flooding now averages slightly over 1,000 
barrels per acre. It is not possible, from the production curve, to predict the 
ultimate recovery. 
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Summary of operations 
Morrison Production Co. Fox-Bush project 


Location = secs. 35 and 36, T. 28 S., 
R. 5 E., and secs. 1, 12, 13, and 
14, and 24, T. 29 S., R. SE. 
Sand flooded - Bartlesville 
Depth to top of sand - 2,800 feet 
Average sand thickness - 36 feet 
Productive area - 1,980 acres 
Area flooded - 990 acres 
Well pattern - 5-spot with 1l5-acre 
spacing (808 feet between like wells.) 


Oil _ and water produced, water injected, by years, bbl. 


Status - active 
43° APL 


at 100° F. 


Year produced injected 


1943— eeeeoenovoeneneaeaoeoee20e02000080080 18,621 274,807 


1944 eoeeecoereseeoreoreerereeeoee 25,839 707,870 
1945 eececececececceceeecceeeeeeeeces 80 ,404 1,642,931 
LONG cvocese ese eee elwlencies caee 112,792 1,757,418 
1947 eececeeceeceeeseseseseeeeeeeee 88 ,806 2,059,574 
1948 COCC CHOCO EOE OLEEOC ECO OEOOOCECE 74,760 3,590 ,639 
1949 eoeoeeeesececosesceeeeeeeseoes 97,767 5,410,479 
1950 COOCCCCOE OSE OOOHOHEOCOC OEE LOS 62 ,348 3,650 ,320 
1951 COOCHC OCC CEO O CEC HOE OE SOLE OC® 50 ,482 3,072,220 
1952 COCOCHCEE OOH OOO LOC OR OE EOOOE 113,321 2,925,320 
1953 COKC OCHO SCHOO O ESOC HEE CELE E® 45,707 1,300 ,407 
1954 CHOCCH HCOOH LOCOCO EO HOES OOO OE® 119,077 627,641 
1955 COCCCC CEEOL ECE OE OE OE OS EOOEO®E 185,308 1,604,609 


Total @eeseesenvu eevee eeee 0@eee8 


Cumulative production before Srey je Srrrrrrrrrrrrrrr rrr i rer ee ee ee 
Recovery per acre before flooding2 TOrrrrrrrrrrrrrrrrrrrrrrrrr ree re 
Cumulative production by water flooding ..cccccccccccccccccccccccccece 
Recovery per acre (990 acres) eecvreececcesceceeseseseeeeeeeeseseeeseeeeooe 
Cumulative total production to January 1, 1956 ..cccccccceccccccceccce 
Total recovery per acres CoeoececeeeeceeeeeesseesEeeHsesseeeeseeseseseese 
Cumulative water injected to January 1, 1956 wccccccccccccccccccccces 
Cumulative water produced to January 1, 1956 wcccccccccsccccccccccses 


Type of water - brine 
Type of system - open 
First injection - 1943 
First oil increase = 1943 


1,075,232 27,724,235 


Gravity of oil = 42° to 


Viscosity of oil ~- 2.9 cp. 


Water 
produced 


608 
13,925 
231,456 
443,412 
672,883 
693 ,490 
653,273 
723,650 
630,465 
474,520 
430,740 
256,187 
624,625 


5,849,234 
Bbl. 


5,149,456 


3,691 
1,075,232 
1,086 
6,224,688 
4, 462 


27,724,235 


5,849,234 


1/ = Annual primary oil-production data not available; water flooding begun. 
2/ = The oil production by primary method included only 1,395 acres of Morrison 


Producing Co. leases. These figures are based on that area. 
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Summa of water-flood performance 


Cumulative 

Active water-in jected 

input Oil recovery, | —oil-produced 
Date bbl. per acre ratio 
Dec. 3k, 1943 ecoeoeeeeceeosece 15 
Dec. 31, 1944 eCoeceseceeesece 22 
Dec. 31, 1945 @@ee0e2e200200008086080 21 
Dec « 31-1946 66 éeveieesceus 18 
D6Gs-31, 1947 ssseiw iwc cieses 20 
Dee. 31. 1948) siccicsvesances 25 
Deca 31, 1949 ssieccicscawas 31 
Dees. 31, 1950" csncswcwansewe 34 
Dec. 31, 1951 eoeeeeeeeeeeee 36 
Dec. 31, 1952 eecoeceeceoeeeoe 33 
Dec. 31, 1953 ecoeoeoeceeereeeenee 33 
Dec. 31, 1954 eoeeeneeeeeeene 29 
Dec. 31, 195) 2000 seeeeeween 26 


Cities Service Oil Co. El Dorado Shallow-Sand Project 


The El Dorado Shallow-sand water-flooding project (fig. 7) of the Cities Serv- 
ice Oil Co. in the El Dorado field is chiefly in T. 25 S., R. 5 E., with parts of 
the various units extending into T. 25 S., R. 4 E., and T. 26 S., R. 5 E., Kansas. 
The rorggrson flooded is known locally as the 660-foot sand and has been described 
by Fath>/ as a member of the Admire shale section of the Wabaunsee formation of 
Pennsylvanian age. The thickness of the sand ranges from 10 to 20 feet. Core 
analyses show that the formation is composed of sand interbedded with shale, which 
reduces the average net sand thickness to about 10 feet. The porosity is high - 
about 29 to 30 percent = and the permeability varies between 150 and 1,500 milli- 
darcys. The operator has estimated that the average oil saturation of the sand 
before flooding was about 30 percent and the average water saturation about 50 per- 
cent. A comparison of an electric log to a core analysis taken on the flood is 
shown in figure 8. 


History Before Flooding 


The Shallow 660-foot sand was the first formation to produce oil in the El 
Dorado field. The discovery well was drilled in September 1915, and it still is 
producing oil (1956). The original wells in the 660-foot sand produced 40 to 80 
barrels of oil daily, although a few wells produced at a rate of 100 to 200 bar- 
rels daily. The wells flowed for a short time, but the rate of production de- 
clined rapidly, and it was soon necessary to equip them for pumping. The produc- 
tivity of the wells bore slight relationship to their location on the structure. 
Recovery by primary methods from the 4,985 producing acres included in the project 
is calculated to be about 14.5 million barrels of oil, equivalent to 2,910 barrels 
of oil per productive acre. 


In 1924 and 1925 a pilot air-drive test was tried in sec. 29, T. 25 S., R. 
5 E., using 1 air-injection well and 8 oil-producing wells. Good results were 
obtained, so a full-scale air-drive operation was begun in 1926 which, when fully 


5/ Fath, A. E., Geology of the El Dorado Oil and Gas Field: Kansas Geol. Survey 


Bull. 7, 1921, 187 pp. 
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Figure 7. - Cities Service Oil Co. El Dorado Shallow flood, Butler County, Kans., Jan. 1, 1956. 
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developed included 110 air-injection wells that affected about 500 oil wells. 

Later the project was expanded gradually, so that about 770 oil wells were effected. 
The air drive was continued on each lease until 1954, when the lease was converted 
to water flooding. About 12.2 million barrels of oil was recovered by the air drive 
in addition to the 14.5 million barrels of oil recovered by primary methods. The 
recovery by airdrive amounted to 2,460 barrels of oil per acre, bringing the total 
recovery before water injection to 5,370 barrels per acre. 


Development of Flood 


A pilot water flood was begun on the Hegberg lease in 1937, using fresh water 
purchased from the city of El Dorado. A coagulant was added to the water, and it 
was filtered before being injected. Even though the operation was small initially, 
water was injected at the rate of about 200 barrels per day at an average wellhead 
pressure of 50 p.s.i.; however, within 60 days the rate had declined to 100 barrels 
daily at a gressure of 600 p.s.i.. A packer leak then developed; and while the 
well was being reconditioned, injection into a second well was begun. Although 
water was injected into these two wells for several months, no increase in the 
rate of oil production was obtained, and the test was abandoned in March 1939. 

A total of 190,000 barrels of water was injected. Failure of the test is attrib- 
uted to swelling of clays in the sand in contact with fresh water. 


In 1947 a second pilot test was begun on the Pierpont lease. Four new input 
wells were drilled between existing oil wells, so that the spacing of the input 
well was about 6 acres per well. These wells were drilled with a rotary, and 4 
1/2-inch casing was set and cemented at the top of the sand. The sand in each 
well was shot with 5 to 10 quarts of nitroglycerin, and the holes were then cleaned 
out with cable tools. A packer on cement-lined tubing was set in the bottom joint 
of casing in each well. The surface equipment consisted of a corrosion-resistant 
meter and flow valve. 


Water for this test was obtained from a well producing both oil and water 
from the Arbuckle limestone formation. After being separated from the oil in the 
gunbarrel the water was handled in a closed system without chemical treatment. 
The input wells took the brine at a reasonable rate and pressure, and within 6 
months an increase in the rate of oil production from surrounding wells was noticed. 
The rate of production from the oil well in the center of the project increased to 
30 barrels per day, while oil wells adjacent to the pattern increased from a normal 
rate of 1 barrel to 7 or 8 barrels per day. 


When it became apparent that the pilot project would be successful, six new 
injection wells were added to the project. There was little further development 
for about 3 years, but since 1950 the project has been expanded rapidly. By the 
end of 1955 nearly 4,000 acres was included in the project, with development still 
in progress. Over 200 input wells were affecting 448 producing wells and the 
daily rate of oil production from the flood project exceeded 4,600 barrels. 


In developing the project the field was divided into several operating units, 
and a water treating and pumping plant was constructed to serve each unit. The 
boundaries of each of the units are shown by different types of hatching in figure 
7. The Pierpont plant(the first one built)was expanded in 1948, the Chesney plant 
was put into operation in April 1953, and the Wilson plant was activated in Febru- 
ary 1954. A plant now under construction on the Murphy unit will be put into 
operation early in 1956. 
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Method of Completing and Operating Wells 


Several methods of well completion using both cable and rotary drilling have 
been tried on the flood. Some wells were shot with 5 to 10 quarts of nitroglycerin 
each, and some old oil-producing wells were used as input wells when they fit into 
the well pattern, but these methods proved unsatisfactory. The most recent prac- 
tice is to drill the input wells with rotary tools, using mud to drill and set pipe 
and clear salt water to drill and complete. The wells are drilled 1 to 2 feet into 
the sand and casing is set to bottom and cemented. After the cement has set the 
oil sand is drilled, and the sand face reamed and flushed clean. Input wells com- 
pleted by this method appear to take water more readily than the wells completed 
with cable tools and shot with nitroglycerin. The few wells that do not take water 
at an adequate rate are shot and cleaned out with cable tools. 


Old oil wells are used in the flood unless contaminated by water from casing 
leaks; it is necessary to redrill about 25 percent of the oil wells. Some new 
wells were completed with rotary tools and with 4 1/2-inch casing set and cemented 
in the top of the sand. The sand is then drilled with cable tools. Recent prac- 
tice is to complete all of the oil wells with cable tools, using the 7-inch casing 
reclaimed from the plugged wells. All of the producing wells were shot originally 
with 10 to 15 quarts of nitroglycerin per well. The wells are equipped for pump- 
ing with individual electrically powered units. Facilities for individual well- 
production tests are provided at each tank battery. 


Source and Treatment of Water 


The method of conditioning water at the Chesney unit is considered typical of 
the units in the project and is described in detail. The principal source of water 
for the project is water produced with the oil, not only from the Shallow sand but 
from the several deeper producing formations in the El Dorado field, including the 
Arbuckle, Kansas City, Marmaton, Viola, and Simpson formations. A common waterline 
supplies all units with produced brine from the field. Three water-supply wells, 
completed in the Arbuckle limestone and equipped with Reda submersible pumps, sup- 
plement the produced water. 


At the Chesney plant (fig. 9) brine from field enters the aeration pond in 
several ways. Produced brine from a nearby tank battery flows through an open 
ditch into the pond, while brine from another tank battery flows by gravity to 
the spray and into the aeration pond. At another tank battery the produced water 
from the gunbarrel and from one of the Arbuckle supply wells is collected in a 
1,000-barrel wooden tank and pumped to the sprays in the aeration pond. 


In the aeration pond, approximately 120 feet square, are 6 spray units for 
aeration of the brine. The spray arms of 2-inch plastic pipe with l-inch nozzles, 
are affixed to a 6-inch Transite header into which the brine flows from the supply 
wells and the tank batteries. The separate sprays can be regulated to provide 
enough pressure to obtain satisfactory aeration. 


From the aeration pond the mixed brines flow through 2 aeration ditches, l 
of which is lined with Gulf-Seal and the other with a catalytically blown hot 
asphalt, and into a 50- by 20-foot earthen skimming pond. From the earthen skim- 
ming pond, which also has been treated with the hot asphalt to prevent seepage, 
the brine flows through three 8-inch pipes into a ditch lined with Gulf-Seal where 
a preformed chemical is added proportionally by an automatic feeder. The sealed 
ditch, 1.5 feet deep by 5 feet wide, has been provided with cement blocks to aid 
in mixing the chemical as the water flows into a rectangular settling pond of about 
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30 ,000-barrel capacity. Three baffles across the pond are arranged to cause the 
water to flow under the first baffle, over the second, and under the third. The 
retention time of the water in the pond is about 3 days at the current rate of 
handling (10,000 barrels of water daily). The settling pond also is lined to 
prevent seepage. Two 8-inch Transite pipes, the inlet ends of which are supported 
by a float, conduct the water through a second chemical house, where about 50 
pounds of chlorine is added daily to minimize the growth of bacteria. The treated 
water passes through the 6 filter units of the open, rapid-sand type - 8= by 8-foot 
wooden tanks, each filled with graded sand and gravel. A U-shaped trough installed 
1 foot above the sand carries off the backwash water to a separate backwash pit, 
where sediment settles out and from which the water is returned to the skimming 
pond. A float control maintains a 3-foot head of water above the filter sand, and 
a 6-inch collector pipe drains the filtered water into the clear-water tank. A sup- 
ply of clear, treated water is kept in a separate tank for backwashing the filter. 


The clear-water tank is a covered 800-barrel wooden tank about 10 feet high. 
Automatic controls actuate pumps to keep the tank full and provide a 9-foot head 
to the intake of the pressure pumps. Three 8-inch pipes from the clear-water tank 
serve 5 pressure pumps, which discharge water to the distribution lines at 625 
p.s.i. The pumping plant houses 6 pressure pumps, 5 of which (4 Oilwell 46 P and 
a Gaso triplex) supply water to the Shallow-sand flood. The other Gaso pump sup- 
plies water to a flood in the Marmaton formation. The Oilwell pumps are powered 
by a 75-hp. and the Gaso pumps by 100-hp. electric motors. Table 2 compares the 
results of mineral analyses of water at various sampling points in the system. 


Results of Flooding 


To January 1, 1956, about 2.5 million barrels of additional oil, equivalent 
to 648 barrels per acre, was recovered by water flooding in the El Dorado Shallow 
field. Over 30 million barrels of water had been injected, giving an oil-produced 
to water-injected ratio of 12:1. Development of the project has been rapid and by 
January 1, 1956, about 3,850 acres was included in the flooded area. Figure 10 
shows the production history of the El Dorado Shallow field, and a summary of 
water-flood performance is included in the summary of operations. Ultimate yield 
as a result of water flooding is expected to be about 4.8 million barrels of addi- 
tional oil, or 1,000 barrels per acre. 
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Figure 10. - Production history of Cities Service Oil Co. El Dorado Shallow-sand project, 
Butler County, Kans., Jan. 1, 1956. 
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Summary of operations 
Cities Service Oil Co. Shallow-sand project 


Location - T. 25 §., R. 5 E., and parts of T. 25 S., R. GE., 

and T. 26 S., R. 5 E. Type of water - brine 
Sand flooded - El Dorado Shallow Type of system - open 
Depth to top of sand = 660 feet First injection - August 1947 
Average sand thickness - 10 feet 
Productive area - 4,985 acres 
Area flooded - 3,850 acres 
Well pattern - 5-spot irregular 


Status - active 
Gravity of oil - 36.9° API 


Oil and water produced, water iniected, b ears, bbl. 


Oil production 


Water 


First oil increase - December 1947 


Viscosity of oil - 4.3 cp. at 100° F. 


te [atu | west [neat [ones 
primar air drive flood Total Injected Produced 


Years 
1915 6ss40e% 2,045 
LONG seetecars 720 , 336 
LOL] cecieees 1,745,281 
LOLS ceiwerees 1,737,432 
19LD wsaeees 1,761,274 
1920) seseeee 1,101,732 1,101,732 
L921. wo ceeees 806,919 806,919 
1922. wesw ews 728 ,834 728 ,834 
1923) bee ees 634,232 634,232 
1924 ..ccccce 536 ,067 536,067 
1925: tasievesiee 533 ,888 533 ,888 
1926 sted ace oe 400 ,679 400 ,679 
L927” ws swe ks 1,112,809 149,365 1,262,174 
L928 ess ecoece 431,238 817,600 1,248 ,838 
1929 ei wees 222,601 1,079,400 1,302,001 
1930 .ccccee 255,225 1,105,270 1,360,495 
OSL. csax eee 161,330 1,001,300 1,162,630 
1932 ws esewe 144 ,326 802,775 947,101 
E933 > sss0de.s 162,737 703,625 866 , 362 
L956. fwseeaved 89,579 704 ,520 794 ,099 
L935) sess e 107 ,082 600 ,695 707,777 
1936 .caesens 110 ,653 560 ,100 670,753 
1937 sawed 140 ,085 484 ,750 624 ,835 
1938 vseeee 176,398 402 ,250 578 , 648 
1939 -csewces 126,646 402,710 529,356 
1940 wccccee 152,797 350 ,290 503 ,087 
L941 .wecwes 143 ,834 327,430 471,264 
1962 Cee wwe 156,352 263,210 419,562 
1943 wccccce 342,951 358 ,892 
1944 .ciceee 296 ,840 308 ,515 
1945 eeeevceeve 281,514 294,535 
1946 .cccoce 300 ,665 310,145 
L947 aiaeoes 269 ,450 243 275,705 51,180 366 
L948) ccwiiwaw 248 ,335 4,504 256,683 146,283 23,642 
L949 .cccwes 213 ,899 8,847 228 ,054 470,652 80,775 
1950 sseeeves 207 ,867 33,249 244 ,854 579,340 186,163 
LOD). bees were 158 ,856 41,948 204 ,716 1,836, 936 40 ,843 
L952 atbnwe-e 115,127 88 , 608 215,650 3,029,735 324,725 
1953. 2eesan 66 , 630 289 ,952 373,808 | 4,633,863] 1,085,251 
LODE. seeceies - 610,621 rs 699 8,223,858 2,339,183 
| os eee 1,415,644 5,404,781 
Total .. 9,485 
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Bbl. 
Cumulative production by primary to January 1, 1956 ...cccceccvcccceee 14,505,561 
Recovery per acre by primary (4,985 acres) wccccsccccccrcccccccccccces 2,910 
Cumulative production by air drive ...cccccccccrcccvcsccccccsescccseee 12,257,424 
Recovery per acre by air drive cccccccccccccccccccccsccccccsccccccceces 25459 
Cumulative production by water flooding ..ccccccccccscccccccccccescseees 2,493,616 
Recovery per acre (3,850 ACKCS) 65 ds0issc-sw'ee 0ase beers esc eee sews 648 
Cumulative total production to January 1, 1956 ...cccccccccccccccccceese 29,290,601 
Total recovery per acre (4,985 acres) to January 1, 1956 ..ccccccccces 5,869 


Cumulative water injected to January 1, 1956 ..cccccccaccccccsecscccess 30,463,235 
Cumulative water produced to January 1, 1956 .cccccccccccccccccccceces 9,485,729 


Summary of water-flood performance 


Cumulative 
water-injected 
—oil-produced 
Years ratio 
LOOT - 6. sed seeeaewens 211 
LOGS: Sas suis scene ees 42 
1969" ccoeseeeteew es 49 
£950 - 6:66 se sews ewes 27 
L951 wcccccccvcccee 35 
b O52 i6:5:66 oe6 wee 064 34 
1953 cisions wsieee 23 
1954 e4eb ase Ge esews 18 
iekpieerererr rrr er 12 


Tide Water Associated Oil Co. Blankenship Project 


In March 1949 the Tide Water Associated Oil Co. began injecting water into 
wells on a pilot project on the Dickenson leases in sec. 16, T. 26 S., R. 8 E., in 
the Blankenship-Sallyards pool, Butler County, Kans. When the pilot flood proved 
successful, the project was expanded and now includes about 800 acres in 13 leases. 
The original pilot flood was located near the south end of the group of leases, 
but drilling and development commitments made it necessary to initiate water flood- 
ing on the north end, so in 1955 a new plant, which will be described in detail 
below, was constructed on the Hull lease in sec. 2, T. 26 S., R. 8 E. Eventually 
all of the leases shown on the map (fig. 11) will be flooded. 


The formation flooded is the Bartlesville sand, which, in this area, is at an 
average depth of 2,450 feet and has an average thickness of 36 feet. The sand is 
of the shocstt tas type, the origin and geology of which have been described in 
detail by Bass.—’ The porosity of the sand ranges from 17 to 19 percent and the 
permeability from 0 to 180 millidarcys. A representative electric log and a core 
analysis are shown in figure 12. The average gravity of the oil produced from all 
of the leases is approximately 38° API. 


6/ Bass, N. W., Origin of the Shoestring Sands of Greenwood and Butler Counties, 
Kansas: Kansas Geol. Survey Bull. 23, 1936, 135 pp. 
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Figure 11. - Tide Water Associated Oil Co. Blankenship project, Butler and Greenwood 


Counties, Kans., Jan. 1, 1956. 
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History Before Flooding 


The discovery well of the Sallyards pool was completed on August 16, 1917, as 
a flowing well. Initially, oil was produced by allowing the wells to flow unre- 
stricted until the reservoir pressure had declined to a point where they would no 
longer flow. The wells then were tubed for pumping. Originally each well was 
equipped with a pumping unit powered by a 25= to 35=-hp. gas engine; later, after 
the rate of oil production had declined, the wells were connected to a central 
bandwheel power. For many years the derricks were left over the wells to facili- 
tate pulling and servicing the wells, but most of them now have been removed. 


In 1924 vacuum was applied to most of the wells in the field to stimulate the 
rate of production, and this practice was continued until water injection was 
begun. In January 1956 only one vacuum pump was in operation, and the vacuum ap- 
plied was less than half the usual vacuum. The vacuum pump is of the “jerker" 
type and is connected by pullrods to the bandwheel power. 


Method of Completing and Operating Wells 


The water-input wells are drilled with rotary-drilling equipment. A 7 7/8- 
inch hole is drilled to the top of the sand; then a 4 7/8-inch hole is cored and 
reamed to bottom. If a core is not taken an electric log is obtained, and then a 
string of 4 1/2-inch pipe is set and cemented with 100 sacks of cement, using a 
Baker triplex float shoe. The cement plug then is drilled out and the sand face 
is washed. If the well cleans up readily, only water is used to clean the sand 
face; if not, approximately 50 gallons of mud acid is used and washing continued 
until the sand face is thoroughly clean, as evidenced by the return of clear water. 
These input wells are neither shot nor fractured. 


New producing wells are drilled and completed in the same manner as the input 
wells, except that 5 1/2-inch casing is used. Old producing wells that fall within 
the pattern or that are suitably located with respect to the general well pattern 
are reworked and used in the flood. Oil wells on the edge of the producing forma- 
tion, where the sand is "broken" or interbedded with shale, are drilled, cored, 
and cemented completely through the producing formation. An electric log is taken 
and the pipe perforated opposite the oil-saturated sand. The well is then hydrau- 
lically fractured, using an average of 6,000 pounds of sand and 4,000 gallons of 
lease oil. 


The oil wells are completed with conventional tubing, rods, and pumping units. 
The pumping units are individually powered with gasoline or electric motors. 


Source and Treatment of Water 


Brine for the flood is obtained from a supply well completed at a depth of 
3,570 feet in the Arbuckle limestone. The well is completed with a string of 
8 5/8-inch casing set at 2,990 feet and cemented with 650 sacks of cement and 
with open hole to 3,570 feet. The static water level in the well is at 530 feet. 
A 75-hp. Reda submerged electric pump on 4-inch steel tubing is set at 1,800 feet 
and delivers the brine to the surface and then through a 4-inch Transite pipe to 
the aeration pit. 


Brine produced with the oil is also in the flood and is collected in a central 
tank battery near the aeration pit. The produced brine from the separating tank 
flows into a 200-barrel skimming tank to remove any oil that might have been car- 
ried through with the water. From the skimming tank it flows through a spray-type 
aerator into the aeration pond, where it is mixed with the Arbuckle brine. 
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The Hull plant constructed in 1955 is the more modern of the two water-treat- 
ing plants and will be described in detail. The method of treatment does not dif- 
fer greatly in the two plants. The design of the Hull plant is shown in figure 13. 
Hydrogen sulfide is removed from the Arbuckle brine by aeration through use of a 
Spray system. Water from the supply well is forced into a 4-inch steel header in 
the middle of the aeration pond, supported above the surface by redwood posts. 
Brine enters the header at a pressure of 25 p.s.i. and is sprayed into the pit 
through leinch plastic nozzles. About 25 double nozzles are used to aerate about 
39,2900 barrels of water per day; the pressure is regulated by varying the number of 
nozzles in use. Both the l-inch couplings to the nozzles and the steel header have 
been coated with plastic paint (Epon) to prevent corrosion. The nozzles are 1 foot 
above the surface of the pond, and at the pressure applied water spray travels 
about 15 feet through the air before it drips into the pond. Evaporation and 
“carryoff" by the wind are minimized by using 6-foot-high baffles of corrugated~ 
asbestos sheeting. 


The aeration pit, which is 50 by 90 by 5 feet, is lined with Gulf-Seal, an 
asphaltic sealing material, to prevent water seepage. At the water's edge the sur- 
face of the sealant is plastic-coated to eliminate softening by any oil that might 
escape from the skimming tanks. From the aeration pond the water flows in an 18- 
by 18-inch, cement-lined ditch into the chemical building, where lime is fed into 
the water by a dry-type chemical feeder to aid in regulating the pH of the water 
and to stabilize carbonate saturation, The water flows by gravity from the chem- 
ical building in an open ditch 1-1/2 feet deep by 6 feet wide, sealed with Gulf- 
Seal. Cement blocks placed at 2-foot intervals in this ditch serve as baffles to 
aid in mixing the water and lime. The ditch is large enough to provide adequate 
detention time for much of the precipitated solids to settle out before the water 
flows into the settling pond, It is easier to remove the sludge from the ditch 
than from the settling pond; that can be done only by shutting down the entire 
treating system. 


A row of cement blocks placed 1 inch apart forms the inner bank of the set- 
tling ditch, and between these blocks the water flows into the settling pit. The 
settling pit (80 by 190 by 10 feet) also is lined to prevent seepage. Three cor- 
rugated-asbestos baffles extend across the pit at intervals to regulate the flow 
of water through the pit. The first and third are "under" baffles, 6 feet high, 
with their bottoms 18 inches above the floor of the pit. The second baffle is 
3-1/2 feet high and is set on the floor of the pit to act as an "over" baffle. 

The joints of the asbestos sheets in each baffle are caulked to prevent water seep- 
ing through the barriers. When the system is operated at full capacity, the pit 
will provide approximately 3 days' detention time for settling. 


The water flows by gravity from the pond to the filters through approximately 
900 feet of 10-inch pipe. The inlet to this line is a 60-foot section of 5-inch 
pipe supported in the pond by eight 55-gallon drums. An 8- by 3 1/2-foot perme- 
able-plate-type filter charged with Graphilter is used. The plant is now operat- 
ing at only 50 percent of capacity (5,000 barrels per day), so only 1 filter is 
used, although later, when the quantity of water required increases, a second 
filter will be installed. The filter is backwashed daily with a 5- by 4-inch 
centrifugal pump. The backwash water flows into a lined pit (30 by 30 by 5 feet), 
where the suspended matter is allowed to settle. The water is then returned to 
the aeration pit by al 1/2- by 1 1/2-inch centrifugal pump. The filtered water 
is stored in a 500-barrel wooden tank, which is connected to the intake line of the 
main water pumps. A F-90 National Supply horizontal-triplex pump with chromaloy 
pistons powered by a triple-rated electric motor pumps the treated water at a pres- 
sure of 300 p.s.i. through the distribution lines to the input wells. 
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Many safety devices are used throughout the system. Automatic mercury switches 
shut down the injection-pump motor whenever the discharge pressure raises above or 
declines below the predetermined values. A similar switch is installed on the oil- 
pressure system of the water pump, and a shear-pin relief valve is used on the high- 
pressure side of the pump. Low-level liquid electrodes are installed in the clear- 
water tank to operate a warning siren. A metal partition is installed between the 
injection pump and the motor, and its controls to prevent water from contact with 
any electrical equipment in case of a leak. A field-water analysis laboratory is 
installed in the pumping plant building. Mineral analyses of water samples taken 
at various points throughout the treating system are given in table 3. 


Results of Flooding 


Figure 14 shows the oil-production history of the individual leases included 
and of the entire Tide Water Associated Oil Co. Blankenship project. Statistical 
information regarding the project is given in the summary of operations. 


During the first year of operation (1949) it is estimated that water injection 
resulted in the production of 19,000 barrels of oil that otherwise would not have 
been recovered. The number of active injection wells was increased from 12 to 40 
in 1951, and in the following year water injection resulted in the recovery of 
345,000 barrels of oil. The project has been expanded gradually during the suc- 
ceeding years to maintain the rate of production above 300,000 barrels of oil 
annually. Figure 14 shows that the decline in the rate of oil production from the 
Dickenson leases has been offset largely by production from the Bryden and Stanhope 
leases. At the end of 1955, 65 active injection wells were affecting the recovery 
from 800 acres. The recovery before water injection slightly exceeded 3,600 barrels 
of oil per acre, and water flooding has resulted in the recovery of about 1,650,000 
barrels of oil or slightly over 2,000 barrels per acre from the 800 acres flooded. 
The cumulative water-injected to oil-produced ratio is only 7, and a new peak rate 
in production is anticipated in 1956 as a result of the extension of the project in 
1955. It appears probable that the ultimate recovery per acre by water flooding 
will equal the recovery before water injection. 
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Figure 14. - Production history of Tide Water Associated Oil Co. Blankenship project, 
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Summary of operations 
Tide Water Associated Oil Co. Blankenship project 


Location - sec. 35 and 36, T. 25 S., R. 8 E. and secs. l, 2, 9, 10, 16, 17, 


and 21, T. 26 S., R. 8 E. Type of water - brine 
Sand flooded - Bartlesville Type of system - open 
Depth to top of sand = 2,450 feet First injection - March 1949 
Average sand thickness - 36 feet First oil increase - June 1949 
Productive area - 1,300 acres Status - active 
Area flooded - 800 acres Gravity of oil - 38° APL 
Well pattern - irregular (6- to 20-acre Viscosity of oil - 3.3 cp. at 
spacing) 100° F. 


Oil and water produced and water injected, b ears, bbl. 


Oil production Water 


Years and vacuum floodine Total Injected Produced 


1918 ©@000088068660 
1919 @e#2ee00008080 686 
1920 ee2ee@eeoe0080800800 
1921 @ee2ee0080800 
1922 @#02eee080860800 80 
1923 #e€ee@ee00e86808@0 8 
1924 ee@@oee0edee 8 
1925 e®@ecde2e08e802008086 
1926 eeee@sveoe@e0edee 8 
1927 esee@ee@eceoeo@0808 
1928 wcccccccces 
1929 e@eeeoeosveoee08 8 
1930 wcccccccces 
1931 cccccQecoee 
1932 wcccccccces 
1933 wcccccccvee 
1934 @eoeooneve02e286860 
1935 @eeoe@ee8eed000 
1936 @eeeoeen0e0020008 
1937 @#eoeoe@ 002000086 
1938 .cccccsceee 
1939 @eeeooanoeoaedeoe8 
1940 eeee@eeoede028@8 
1941 @oeoeeoonnv0006006 
1942 eoeoeoeoeoeveoee oe 
1943 ©e«e20@200080908080 
1944 eee 80@20808089700 
1945 eeeeaeeandea2de00@ 
1946 @eeoeoeeeoeoeed 8 
1947 #e#e0e2@e20e0080860800 
1948 @@eeo0n0e202008600 


194G: waccwexiesac , 411,816 11,440 
1950" cence aces : ; 421,319 58 ,062 
L951. ic. cectoccwwess A ; 1,079,158 286,157 
1952. gnc houawers ‘ ; , 1,712,853 637,426 
1953) -sleretelae aussie ; ; : 2,759,456 | 1,156,357 


1954 eee¢ee05u5eesnde@s 15 957, 283 1,456,353 
1056 eo acacia 2,900,050 | 1,909,546 


Total .....| 4,727,195 1,646, 027 6,373, “732 11,241,935 5,515,341 
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Bbl. 
Cumulative production by primary methods and vacuum ..ccccccccscccesece 4,727,195 
Recovery per acre (1,300 acres) wscccccccccccccccncncccccecvcceccencces 3,636 
Cumulative production by water flooding ..ccccccccccccccccccccccccsescce 1,646,027 
Recovery per acre (800 acres ) .ccccccccvccccccccccccccccccccccccccccccs 2,058 
Cumulative total production to January 1, 1956 ..cccccccccccccccccccece 6,373,222 
Total recovery per acre to January 1, 1956 (1,300 acres) ...cccccccccce 4,902 


Cumulative water injected to January 1, 1956 ..cccccccccccccccccccscees 11,241,935 
Cumulative water produced to January 1, 1956 ..cccccccccccccccccceccece 5,515,341 


of water-flood r formance 


Cumulative 
Active | Active water-in jected 
input oil | Oil recovery, —oil-produced 
Date wells wells | bbl. pe ratio 

Dec. 31, 1949 wccccccscce 16 21 

Dec. 31, 1950 wccccccccce 18 6 

Dec. 31, 1951 wncccccccne 43 6 

Dec. 31, 1952 wcccccccece 5 

Dec. 31, 1953 wccccececce 7 

Dec. 31, 1954 wccccesvece 6 

Dec. 31, 1955 @eeeeeoeeoese ee @ 7 


Ohio Oil Co. Bryden-Ladd Unit Project 


The pilot flood preceding development of the Ohio Oil Co. Bryden-Ladd unit 
project, in secs. 19, 20, 30, and 31, T. 25 S., R. 9 E., and secs. 25 and 36, 
T. 25 S., R. 8 E., in Greenwood County, Kans. was begun on the Ladd unit in 1946. 
At the end of 1955 the project had been extended to cover 537 acres as shown in 
figure 15. 


The formation flooded is the Bartlesville sand, which is at an average depth 
of 2,400 feet and has an average thickness of 50 feet. The oil-bearing sand is of 
the shoestring type described by Bass.’ The average porosity of the productive 
sand is 18 percent, but it ranges from 16 to 21 percent. The average permeability 
of the sand penetrated by individual wells ranges from 19 to 50 millidarcys. The 
average water saturation of cores taken was 55 percent and the average oil satura- 
tion 21 percent, but these values are not representative of the sand in place due 
to flushing of the cores by the drilling fluid. It has been estimated that the 
average oil saturation of the sand when water injection was begun was 48 percent. 
A representative electric log and core analysis of the sand are shown in figure 16. 


History Before Flooding 
The leases being flooded were first developed between 1918 and 1920, and a 
peak rate of nearly 350,000 barrels of oil per year from 537 productive acres was 
reached in 1924. No secondary-recovery methods were tried until 1938, when a "dump" 
flood was begun on the Ladd lease. Pattern flooding was begun in 1946. 
Development of Flood 


The initial water-flooding experiment on the property, begun in 1938, involved 
two injection wells. In one well (an old oil-producing well) the casing was ripped 


7/ Bass, N. W., Origin of the Shoestring Sands of Greenwood and Butler Counties, 
Kans.: Kansas Geol. Survey Bull. 23, 1936, 135 pp. 
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Figure 15. - Qhio Oil Co. Bryden-Ladd project, Greenwood County, Kans., Jan. 1, 1956. 
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opposite the water-bearing Douglas sand, which occurs here at an average depth of 
1,100 feet. The water was allowed to enter the well and flow into the Bartlesville 
sand under hydrostatic pressure. This well also was equipped with standard pump- 
ing equipment to pump part of the Douglas water into another old oil well that had 
been converted to an input well. It was estimated that 200,000 barrels of water 
was injected through these wells to 1944, when the operation was discontinued. 

Only a slight increase in the rate of oil production was obtained during the 6 
years of operation. 


In March 1946 a pattern pilot flood was begun on the Ladd unit. A uniform 
pattern of wells has not been used, as many old wells are utilized that did not 
fit precisely into the pattern. The original spacing averaged approximately 550 
feet between like wells, but in later developments this was increased to about 
800 feet. Old oil wells are used both as producing and water-input wells. By 
December 1950 the flood has been expanded to include 40 oil wells and 29 input 
wells on 205 acres. In 1951 the Ladd A and the lioffman leases were included in 
the project, and in 1954 the Bryden and remaining Ladd leases were developed for 
water injection. 


Method of Completing and Operating Wells 


Old wells utilized in the flood usually are cleaned out, and the casing is 
reset and cemented in the top of the sand. New producing wells are drilled with 
a rotary rig to the top of the formation, and the oil sand is cored. The wells 
are cased with 5 1/2-inch pipe, and each is cemented with 100 sacks of cement. 
Producing wells are shot with 2 to 2 1/2 quarts of nitroglycerin per foot of pay 
sand and then cleaned out with cable tools. A monthly production test is made on 
each well with a small portable tank. The oil wells are pumped with individual 
units powered by electric motors; however, some of the oil wells in the older 
parts of the flood are converted to flowing when the water-to-oil ratio becomes 
excessive, and the pumping equipment is removed. 


The water-input wells were completed in a similar manner, except that 4 1/2- 
inch pipe is used for casing. As a general rule, input wells are not shot; how- 
ever, a light shot has been used in a few wells that were completed in sand of low 
permeability and that would not take water at the desired rate. The input wells 
are equipped with meters and valves to meter and control the rates of flow. 


Source and Treatment of Water 


Four wells completed in the Douglas formation at a depth of 1,400 feet provide 
water for the flood. One of these wells was previously an oil-producing well and 
later served as an input well for the dump flood. The 3 other supply wells were 
completed with 7 1/2-inch casing set at the top of the formation and cemented to 
the surface. One of the supply wells is equipped with a 37.5=-hp. Reda submersible 
electric pump, and the other 3 are equipped with rods and tubing and pumped with 
heavy-duty pump jacks. Power for each pump jack is supplied by a 40-hp. Superior 
diesel engine. The water-producing capacity of the wells ranges from 1,000 to 
1,500 barrels daily, but present demand does not require continuous operation of 
the wells. 


The water-treating and pumping equipment is shown in figure 17. Produced 
brine and supply water enter at the top of a tray-type aerating tower, about 20 
feet long and 7 feet wide, constructed of redwood and supported by 4 1/2-inch pipe 
cemented-in the bottom of the aerating pond. Three perforated and baffled trays 
about 2 feet apart provided a surface to disperse the water and permit hydrogen 
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sulfide and carbon dioxide to escape and iron compounds to be oxidized. The aera- 
ting pond is 100 feet long by 75 feet wide at the ground level, has graded slopes 
(3:1), and is lined with an asphaltic material (Gulf-Seal) to prevent seepage. 


From the aerating pond the water flows through a 7-inch conduit in the middle 
of the earthen separating wall into the settling pond. On the separating wall 
just above the conduit are 2 dry chemical feeders, 1 of which continuously adds 
lime to the water at the rate of 6 pounds per 100 barrels of water as the water 
passes through the conduit and the other adds 17 pounds of Nalco 680 daily. The 
settling pond is about 140 by 115 feet at water level, but the walls are sloped 
inward. The pit is lined with an asphaltic sealing compound to prevent seepage 
of the brine. Three large baffles have been constructed in the pond to prevent 
the water from flowing rapidly through it in a channel and to permit adequate time 
for the solid products of chemical reactions to settle. The water from the pond 
enters a 3-foot vertical section of slotted pipe and flows by gravity through the 
filters. Two closed-type rapid filters 8 feet in diameter by 5 feet in length, 
filled with graded gravel and sand, are used. Water flows into a 500-barrel, 
wooden, clear-water tank that supplies water to the injection pumps under a hydro- 
Static head of 8 feet. Treated water used to backwash the filters flows into the 
backwash-water tanks, 


Two Oilwell 46 P pumps powered by 75-hp. electric motors force the water 
through the distribution lines to the wells at a plant pressure of 1,040 p.s.i. 
A small chemical pump has been connected into the discharge of one of the pumps, 
and the injection of a Nalco corrosion inhibitor is being tested. 


Mineral analyses of water samples taken at various points throughout the 
treating system are given in table 4, 


Results of Water Flooding 


Figure 18 shows the production history of all the leases included in the Ohio 
Oil Co. Bryden-Ladd water=-flooding project and the annual production by water- 
flooding of each lease. Wells on the Ladd unit began to respond to water injection 
in December 1946, a peak rate of production was reached in August 1949 of 41,000 
barrels and more than 343,000 barrels was produced during 1949. Due to excessive 
interfingering and bypassing of injected water, the results of flooding the Ladd 
unit were not outstanding. A wider spacing pattern was used on the Ladd "A", 
Haffman, and Bryden leases to minimize this trouble. Flooding was begun on the 
Ladd "A" and Hoffman leases during August 1951 and on the Bryden and remaining 
Ladd leases in 1954. Part of the Ladd unit was abandoned in 1952, and gradual 
abandonment of other watered-out areas has continued. The volumes of water in- 
jected and produced are decreased, as the rate of abandonment has exceeded the 
rate of development. About 1,469,000 barrels of oil has been recovered by water 
flooding that would not have been recovered by primary-production methods. This 
recovery amounts to 2,735 barrels per acre compared with over 7,000 barrels per 
acre before water injection. This recovery by water flooding was attained with a 
cumulative water-injected to oil-produced ratio of about 10:1. It is apparent 
that the ultimate recovery by flooding will not be as high as by primary methods. 
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Figure 18. - Production history of Ohio Oil Co. Bryden-Ladd Unit project, Greenwood 
County, Jan. 1, 1956. 
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Summary of operations 
Ohio Oil Co. Bryden-Ladd project 


Location - secs. 19, 20, 30, 31, T. 25 S., R. 9 E. and secs. 25 and 36, 
T. 25 S., Ro. 8 E. Type of water - Douglas brine 
Sand flooded - Bartlesville Type of system - open 
Depth to top of sand = 2,400 feet First injection - March 1946 
Average sand thickness - 50 feet First oil increase - December 1946 
Productive area - 537 acres Status - active 
Area flooded - 537 acres | Gravity of oil - 38° API 
Well pattern - irregular (550 to 800 ft. Viscosity of oil - 3.5 at 100° F. 
between like wells) 


Oil and water produced and water injected, b ears, bbl. 
Oil production Water 


se er 
Years primar flooding Total Iniected Produced 


1917 @ee@e@eoeoeadeoeeoee00 
1918 wccccccccccce 
1919 .cccccccccces 
1920 wocccvccccees 
1921 .cccccacccces 
1922 eeeeeaoovonevde0ucdee 80 
1923 wcccccccccces 
1924 .cccccccccces 


F925 cae ncaa gists 424,915 

1926: csw-oecsusee sr 362,973 

1997 4 cwsecatnss ss 249,255 

1928 scheateracks 188 , 602 

1929). decisis cae aries 143,118 

1950 chains deaured 116,113 

LOSE cuccuwewwcies 86,537 

1932 acinar atweretndis 89,135 

1993 scuccvacenwes 96,118 

1994: scdocwnwus ne 92,524 

19595: waecoacee aioe: 85,143 

1936: vitesenascaness 77,399 

NOT Sasa eenantes 71,599 

1998 -ccuiecauaanres 68,273 

19990 sccacsie-wose srs 59,275 

1940" ddaccbaredcuars 54,239 

LOGE: chenacaceen 51,742 

1949 vciavedenesed 46,993 

1943. clecwwtiecvads 47,523 

LOGS: Scie nsaniccwes 49,680 

1965) Sidcw oceans 45,060 

1966 eciacius oeeds 34,169 224 ,044 9,296 

NOG 7 stictovesajelsiues 27,589 426,057 34,800 

L9AB scccccrearcseuersions 28,616 1,269,366 128 ,000 

C7 ene 29,947 1,896,006 455,900 

1950) -ccdeaweccener 31,717 2,360,751 | 1,340,363 

1950 ices oeteaiecs 30 ,583 2,289,849 | 1,295,078 

1952. ie sietnsavateea orsrars 18,316 2,580,302 | 1,473,477 

1959 i iecticoetreaas 16,775 1,845,484 | 1,137,425 

L9SG: asbec vraie ear dre's - 1,276,823 804,314 

1955 ee ee Oe ee ee l, 166, 664 753 ,560 
Total ....... 7,432,213 
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Cumulative production by primary methods ..ccccccvccccccccsececvesecsecece 


Bbl. 


Recovery per acre by primary methods (537 acres) wcccccccescccccccecece 


Cumulative production by water=flooding ...crccccccccercccccsccccceceses 


Recovery per acre by water-flooding (537 acres) wccccccccccccccessscces 


Total production to January iy 1956 CHOHOKCHCH HEREC HOHEEHOHROEHESOOOR ESOS EOOEC® 


Total recovery per acre to January Ls L9G Sec nec owe ee eesee eee ee nea wes 


Cumulative water injected to January 1, 1956 ..ccccccccccccccccccccccce 
Cumulative water produced to January 1, 1956 ..ccccccccccccccccccvccccs 


Dec. 31, 
Dec. 31, 
Dec. 31, 
Dec. 31, 
Dec. 31, 
Dec. 31, 
Dec. 31, 
Dec. 31, 
Dec. 31, 
Dec. 31, 


Summary of water-flood performance 


Date 


1946 eeoeeoeoevn een eed 
1947 e@e@eeoeoenvenveaeede 
1948 @e2eeoe2000608080 
1949 e@ee0ee@08e00e008080 
1950 @eeeeaeeeoeo2ee¢0 
1951 @eeeoeonseoea ood @ 
1952 @eeoso@aoeoeaodoe82 
1953 eeeeoeeseaee0 0 
1954 @eeeeenoe0e02e0ec0 
1955 @eeeooneeoeoe 80 @ 


Google 


Active | Active 


NT.» BU.OF MINES ,P GH. oPAe 


3,917,182 


5; 385, 966 


10 ,030 


15,335,346 
7,432,213 


Cumulative 
water-injected 
—oil-produced 

ratio 


7338 


